The effect of stimulus 5 unambiguous interpretations concerning the relationship between stimulus modality and attention on blink modulation require that both the modality of the lead stimulus and the blinkeliciting stimulus are varied. The conclusion that blink modulation reflects modality nonspecific attentional processes during the discrimination and counting task would be strengthened by a demonstration of modality nonspecific effects with a non-acoustic blink-eliciting stimulus. The present research aimed to provide such a demonstration by using electrical stimulation of the trigeminal nerve to elicit the blink reflex. Electrical stimulation of the trigeminal nerve produces three components in recordings of the orbicularis oculi (Esteban, 1999) . The R1 component has a short latency of 8-12 ms and is obtained from the orbicularis oculi that is ipsilateral to the side of stimulation. The R2 and R3 components have a longer blink latency of 25-40 ms and 75-90 ms respectively and are both bilateral responses. Only the R2 response component was examined in the present study as it is occurs at latencies similar to the acoustic blink reflex and like the acoustic blink reflex it is associated with bilateral contraction of the orbicularis oculi.
The present experiments also examined the effect of task difficulty on attentional blink modulation during the discrimination and counting task. Lipp et al. (2000a, Experiment 3) reported an experiment in which participants completed a reaction time task under one of two difficulty levels. It was found that an increase in the difficulty of the task produced a facilitation of acoustic blink magnitude when blinks were elicited during acoustic and visual lead stimuli.
There was no effect of task difficulty on acoustic blink latency. Lipp and Hardwick (2003, Experiment 2) also reported that acoustic blink magnitude, but not latency, was facilitated by an increase in the difficulty of a reaction time task during visual lead stimuli. Lipp and colleagues (2000a; Lipp & Hardwick, 2003) concluded that an increase in the difficulty of the task would lead to a facilitation of blink magnitude. However, it cannot be concluded whether this
The effect of stimulus 6 magnitude facilitation is specific to the attentional requirements during a lead stimulus as the reaction time task employed in the studies used only one type of lead stimulus. An increase in the difficulty of a task may result in an increased facilitation of blink magnitude that is more unspecific in nature. To determine whether an increase in task difficulty will affect blink magnitude only during lead stimuli that signal a task would require a comparison with a lead stimulus that does not signal a task. Such a comparison is available with the discrimination and counting task. Task difficulty would be expected to increase blink magnitude facilitation during task-relevant lead stimuli, but not during task-irrelevant lead stimuli if task difficulty effects are specific to the task signaled by the lead stimulus. If task difficulty has a more general effect on blink modulation, blink magnitude should be facilitated during task-relevant and task-irrelevant stimuli in a similar manner.
The present research used the discrimination and counting task under three conditions of lead stimulus modality and two conditions of task difficulty. In Experiment 1, we used the same sustained lead stimuli as used in previous research (Lipp et al., 1998 , but elicited the blink reflex via electrical stimulation of the trigeminal nerve. In the Standard task difficulty condition, the longer than usual and usual lead stimulus duration was the same as that employed in previous experiments (7 s vs. 5 s). In the High task difficulty condition, the longer than usual lead stimulus was 5.5 s, compared to the usual 5 s. It was hypothesized that modality nonspecific attentional blink modulation would be observed. Blink reflex magnitude was expected to be larger and blink latency was expected to be shorter during task-relevant lead stimuli than during task-irrelevant lead stimuli when acoustic and visual lead stimuli are used. No difference was expected for tactile lead stimuli (Lipp et al., 1998 . Task difficulty was hypothesized to modulate blink magnitude and not blink latency. Blink magnitude was expected to be larger in The effect of stimulus 7 the High task difficulty task condition than in the Standard task difficulty for task-relevant lead stimuli, but not for task-irrelevant lead stimuli. Skin conductance responses were also recorded as an independent measure of the attentional demands during the lead stimuli. Skin conductance responses have been found to be larger during task-relevant lead stimuli than during taskirrelevant lead stimuli (Dawson, Filion, & Schell, 1989; Filion et al., 1993; Lipp et al., 1997 Lipp et al., , 1998 . The larger response during task-relevant lead stimuli reflects increased attentional demands because it is associated with greater deceleration of heart rate and a lengthening of secondary task reaction time to probes presented 600 ms following the onset of the lead stimulus (Dawson et al., 1989) .
EXPERIMENT 1
Method Participants Sixty-one male and 112 female students from the University of Queensland participated after providing informed consent. The participants were obtained from a research participation scheme and they received course credit for their participation. The data from 2 females were excluded due to equipment problems, the data from 8 males and 15 females due to nonresponsiveness to the blink-eliciting stimulus, and the data from 2 males and 4 females due extreme values in the blink data. The proportion of participants excluded from each group due to nonresponsiveness or outlier exclusion did not differ significantly, both χ 2 <3.74, p>.05. The final sample had a mean age of 19.72 years (SD = 5.04). Participants were randomly allocated to one of the six groups, such that each group had a similar distribution of males and females. The groups did not differ significantly in sex distribution or age, both ps>.05.
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Apparatus
The blink reflex was measured by recording the electromyographic (EMG) activity of the orbicularis oculi muscle with a pair of 4 mm diameter Ag/AgCl domed electrodes filled with a standard electrolyte (Surgicon E10). The two electrodes were placed over the orbicularis oculi:
one was placed under the pupil of the left eye, and the second was placed 1 cm laterally. A ground electrode was strapped to the inside of the left forearm. The raw EMG signal was amplified with a Coulbourn Instruments S75-01 Bioamplifier using a high-pass cutoff of 90 Hz and low-pass cutoff of 1000 Hz and a gain setting of 6000. The EMG signal was digitized and sampled online using a sampling rate of 1000 Hz in a time window of 100 ms prior to onset and 400 ms after offset of the blink-eliciting stimulus. The blink reflex was elicited by presenting an electric pulse with a Grass SD9 stimulator coupled in series with a Grass constant current unit.
The 0.1 ms electrical pulse was applied to the right supraorbital branch of the trigeminal nerve via two 4 mm diameter Ag/AgCl domed electrodes filled with a standard electrolyte (Surgicon E10). Electric pulse intensity was set at 40 V with the current adjusted to an individual level for each participant until it reliably elicited a blink response.
Skin conductance was measured with a pair of 5 mm Ag/AgCl domed electrodes filled with a 0.05 M NaCl electrolyte and attached to the distal phalanges of the index and second fingers of the nonpreferred hand. A constant 0.5 V current was applied across the electrodes with the resulting skin conductance responses amplified with a Coulbourn Instruments S75-01
Bioamplifier and recorded on-line using a sampling rate of 10 Hz. Respiration was measured with a chest strain gauge (Phipps & Bird) to identify skin conductance responses associated with respiratory artifacts. The stimulus sequence, stimulus presentations, and intertrial intervals were controlled by a Dell OptiPlex 466/Le computer that also sampled the physiological signals.
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The nature of the task-relevant and task-irrelevant lead stimuli varied among the groups.
In the Acoustic modality groups, 800 Hz and a 1200 Hz pure tones presented at an intensity of 70 dB(A) and a 30 ms rise time were used. All auditory stimuli were generated by a custombuilt tone generator and presented via stereophonic headphones (Sennheisser HD25-1). A Cromptom Lighting 60 W green reflector spot globe and a Tungsram 60 W yellow discolux reflector spot globe were used in the Visual modality groups. When the spot globes were switched on, the back of a screen (15 x 20 cm) set into the wall of the experimental room was illuminated. This was perceived by the participant as the screen taking on a diffuse color of the corresponding color of the globe. The screen was located 140 cm from the participant at eye l e v e l . T h e i l l u mi n a n c e o f t h e l i g h t s , a s me a s u r e d f r o m t h e p a r t i c i p a n t ' s c h a i r a t e y e l e v e l , wa s 6.9 Lux. In the Tactile modality groups, the vibration unit of a Mowat sensor was taped to the second phalanx of the middle finger of each hand of the participant. The location of the Mowat sensor did not interfere with the measurement of skin conductance responses from the same hand. The vibration unit was driven by a custom-built power supply at a frequency of 50 Hz.
Prior to the present study, pilot work was conducted to match the three stimulus presentation methods (acoustic, visual, and tactile) on perceived intensity.
A post-experimental questionnaire assessed the subjective difficulty of the task and of the discrimination between the usual and longer-than-usual stimuli. For the former, participants a n s we r e d t h e q u e s t i o n " T a k i n g i n t o a c c o u n t t h e e n t i r e e x p e r i me n t , h o w d i f f i c u l t wa s i t t o p e r f o r m t h e c o u n t i n g t a s k " o n a 7 -point linear sca l e r a n g i n g f r o m 1 " v e r y e a s y " t o 7 " v e r y d i f f i c u l t " . T h e s a me s c a l e wa s u s e d t o a n s we r t h e q u e s t i o n " Ho w d i f f i c u l t wa s i t t o t e l l t h e l o n g e r t h a n u s u a l p r e s e n t a t i o n s f r o m t h e u s u a l f i v e s e c o n d p r e s e n t a t i o n s " . T h e p a r t i c i p a n t s reported how many presentations of the task-relevant lead stimulus were counted as longer-than-
The effect of stimulus 10 usual prior to answering these questions, but were not told of the correct answer until the entire questionnaire was completed.
Procedure
Participants were seated in a chair opposite the projection screen and the experiment was monitored from an adjoining room. The participant room was darkened (ambient illuminance of 6 . 6 L u x a s me a s u r e d f r o m t h e p a r t i c i p a n t ' s c h a i r ) a n d h a d a me a n t e mp e r a t u r e a n d h u mi d i t y o f 27  C and 68% respectively. Following electrode placement, participants received one or more presentations of the blink-eliciting stimulus to check the blink recordings. The participants next received the instructions for the task. The modality of the lead stimuli and the difficulty of the discrimination between the usual duration and the longer-than-usual lead stimuli were manipulated between groups. Two groups were trained with tones (Acoustic), two groups were trained with lights (Visual), and two groups were trained with vibration stimuli (Tactile). For one of each modality group, the usual duration was 5 s and the longer-than-usual duration was 7 s (Standard task difficulty). In the remaining groups, the usual duration was 5 s and the longerthan-usual duration was 5.5 s (High task difficulty). The design thus resulted in six groups for the combinations of lead stimulus modality and task difficulty. Participants were informed that following a 3-min rest period, they would be presented with two types of tones/lights/vibrations and that each presentation would last for 5 s. Participants were told that following the initial presentations, the stimuli would usually be presented for a duration of 5 s, but that some presentations would be longer. They were instructed to count the number of longer-than-usual presentations of one tone/light/vibration (task-relevant) and to ignore all the presentations of the other tone/light/vibration (task-irrelevant). The participants were further informed that they would receive AUS$5 if they reported the correct number and that AUS$1 would be deducted
The effect of stimulus 11 from the total for each count that was off the correct number. The participants were also told that they might receive presentations of the blink-eliciting stimulus at various times during the task, but that these should be ignored.
Following the instructions, the 3-min rest period began during which participants sat quietly with their eyes open. After the rest period, the two lead stimuli were presented in a familiarization phase and separated by an intertrial interval of 20 s. The nature of the first stimulus presented (task-relevant or task-irrelevant) was counterbalanced between participants.
The experimenter checked to see if the participant could correctly identify the stimulus that was to-be-counted after both trials were presented. All participants reported that they could do so.
The experiment proper began next and consisted of 16 presentations of each type of tone/light/vibration arranged into two even blocks of trials. Within each trial block, 2 taskrelevant and task-irrelevant lead stimuli were presented for the longer-than-usual duration, whereas the remaining were presented for the usual 5 s duration. The order of presentation was randomized with the restriction that the same lead stimulus was not presented more than two times in succession. The blink-eliciting stimulus was presented during half the lead stimuli and half the intertrial intervals. Blink-eliciting stimuli presented during the lead stimuli were presented at intervals of 3.5 and 4.5 s following lead stimulus onset and were randomly distributed such that each block contained two presentations at each lead interval for each lead stimulus type. In sum, the blink-eliciting stimulus was presented during 8 task-relevant and 8 task-irrelevant lead stimuli, 4 at each lead interval, and during 16 of the intertrial intervals. The intertrial interval varied at random between 20, 25, and 30 s. Blink-eliciting stimuli presented during the intertrial intervals were not presented within 12 s prior to or following a lead stimulus.
Allocation of blink-eliciting stimuli during the intertrial intervals was randomized with the The effect of stimulus 12 restriction that a maximum of one blink-eliciting stimulus occurred during an interval and that half the presentations occurred in each block. Three different random sequences of stimulus arrangements were developed. These were distributed across participants such that the nature of the lead interval and order of lead stimulus presentations (task-relevant or task-irrelevant) was counterbalanced. After completion of the experiment, the participant completed the postexperimental questionnaire, was debriefed, and given a reward for task performance if warranted.
Scoring, Response Definition, and Statistical Analysis
A 3 x 2 (Modality x Difficulty) factorial chi square analysis was used to examine the f r e q u e n c i e s o f p a r t i c i p a n t s wh o c o r r e c t l y s o l v e d t h e t a s k ( i . e . , r e p o r t e d a n a n s we r o f " f o u r " ) .
Task performance was also examined by calculating error scores. Participants who reported four longer than usual task-relevant stimuli were given an error score of zero, participants who gave an answer of 3 or 5 were given an error score of one and so on. Inspection of the error scores showed highly skewed distributions. The data were thus subjected to a square root transformation to normalize the distributions prior to analysis in a 3 x 2 (Modality x Difficulty) analysis of variance (ANOVA). The rated difficulty in discriminating longer-than-usual stimuli from the usual duration and the rated difficulty of the task were analyzed with separate 3 x 2 (Modality x Difficulty) ANOVAs.
Nonspecific skin conductance responses were counted as the number of responses that exceeded .05 μ S during the 3-min rest period. To examine baseline levels of responsivity, the nonspecific skin conductance responses were subjected to a 3 x 2 (Modality x Difficulty)
ANOVA. The magnitude of skin conductance responses that began within 1-4 s after onset of the lead stimuli that did not contain a blink-eliciting stimulus were scored as the stimulus elicited
The effect of stimulus 13 responses. The respiration record was inspected for respiration-induced artifacts in skin conductance. Responses that coincided with sighs, deep breaths, or sneezing were scored as missing. Response magnitude was subjected to a square root transformation prior to the statistical analyses to reduce the skewness of the distribution (Venables & Christie, 1980) . The resulting values were subjected to a 3 x 2 x 2 (Modality x Difficulty x Relevance) ANOVA to determine the effects of lead stimulus relevance on responding in each condition.
Digitized EMG activity was rectified off-line and filtered and integrated with a Butterworth low-pass filter using a time constant of 80 ms. The integrated signal was used to measure response magnitude in A/D units and latency in ms 1 . Response magnitude was measured as the difference between the maximum of the integrated response curve within 200 ms after the onset of the blink-eliciting stimulus and the value of the integrated curve at response onset. Response onset was defined as the point at which 10% of the maximum slope was reached. Response latency was measured as the time between blink-eliciting stimulus onset and response onset. On trials in which no response was detectable, magnitude was scored as zero and latency was scored as missing. Trials were discarded from the data set if the baseline EMG was not stable within 100 ms before the blink-eliciting stimulus or the onset of the response was not within 20 to 70 ms after the onset of the blink-eliciting stimulus. The complete data set from a participant was discarded if the number of discarded trials or zero responses at any lead interval in each trial block was greater than half of all trials or if the number of discarded trials or zero responses in a trial block was greater than one third of all trials.
The presence of between-group differences in baseline levels of responding to the blinkeliciting stimulus were tested by averaging blink magnitudes and latencies elicited during the intertrial intervals and subjecting them to separate 3 x 2 (Modality x Difficulty) ANOVAs. Blink
The effect of stimulus 14 magnitude and latency were averaged across all trials. Analyses conducted for this experiment and subsequent experiments indicated that blink modulation did not differ between the 3.5 and 4.5 s lead intervals for both the blink magnitude and latency measures, all Fs<1.35. As a result, the data were averaged across lead intervals, separately for each lead stimulus type. Blink magnitude and latency elicited during the lead stimuli were converted to change scores to reduce the impact of individual differences in baseline reactivity to the blink-eliciting stimulus. Blink magnitude was converted to percentage change scores using the formula, (lead stimulusintertrial interval)/intertrial interval * 100. Blink latency change score calculation used the formula, (lead stimulus -intertrial intervals). A 3 x 2 x 2 (Modality x Difficulty x Relevance)
ANOVA was also used to examine the effects of stimulus relevance on blink magnitude and latency modulation in each condition. For all ANOVAs, post hoc comparisons were conducted
with t t e s t s t h a t u s e d c r i t i c a l v a l u e s d e r i v e d f r o m S i d a k ' s t a b l e s t o p r o t e c t a g a i n s t t h e
accumulation of α -error (Rohlf & Sokal, 1981) . The level of significance was set at .05 for all analyses. The effect of stimulus 16
Results
Blink reflex magnitude modulation for each group is shown in Figure 1 . Blink magnitude was larger during task-relevant lead stimuli than during task-irrelevant lead stimuli, F(1, 140) = 13.51, MSE = 625, p<.001. There was also an interaction between lead stimulus modality and task difficulty, F(2, 139) = 3.63, MSE = 1449, p<.05. All other main effects and interactions were not significant, all Fs<1.21. The interaction between lead stimulus modality and task difficulty was examined by post hoc analyses that compared Standard and High task difficulty conditions, separately for each lead stimulus modality. The comparisons showed that blink magnitude was larger in the High task difficulty condition than in the Standard task difficulty condition when acoustic lead stimuli were used, t(139) = 2.70, p<.05. The comparisons for visual and tactile lead stimuli were not significant, both ts<1, p>.05.
Blink latency yielded a consistent pattern of results across groups in that latency was shorter during task-relevant lead stimuli (M = -2.08 ms, SD = 2.38) than during task-irrelevant lead stimuli (M = -.65 ms, SD = 2.34), F(1, 140) = 48.79, MSE = 3.01, p<.001. Blink latency was not significantly affected by task difficulty or lead stimulus modality, all Fs<2.26, p>.05.
Discussion
The main findings of Experiment 1 were as follows. Task performance, subjective ratings, and skin conductance responses confirmed that task demands were greater in the High task difficulty condition than in the Standard task difficulty condition and that the attentional demands were greater during task-relevant lead stimuli than during task-irrelevant lead stimuli.
Across all groups, blink magnitude was larger and blink latency was shorter during task-relevant
The effect of stimulus 17 lead stimuli than during task-irrelevant lead stimuli. In contrast to previous research that has used the discrimination and counting task (Lipp et al., 1998 ) the increased blink facilitation during task-relevant lead stimuli was also found with tactile lead stimuli. Importantly, the increased blink facilitation was found using the same tactile lead stimulus as has been used previously, suggesting that a discontinuous vibration can support attentional blink modulation.
Task difficulty influenced blink magnitude modulation, but not latency modulation. Blink magnitude was larger in the High task difficulty condition than in the low task difficulty condition when acoustic lead stimuli were used. This effect of task difficulty was present for both task-relevant and task-irrelevant lead stimuli. No effect of task difficulty was found for the visual and tactile lead stimulus conditions.
The present experiment in which the blink reflex was elicited by electrical stimulation of the trigeminal nerve extends the findings from previous studies that have examined the acoustically elicited blink reflex in the discrimination and counting task (Böhmelt et al., 1999; Lipp et al., 1997 Lipp et al., , 1998 . The task demands used in the Standard task difficulty groups directly replicated that used previously. In these groups, blink reflex magnitude was larger and latency was shorter during task-relevant lead stimuli than during task-irrelevant lead stimuli for all lead stimulus modality conditions. Tests of the modality specific and nonspecific interpretation of attentional blink modulation require that both the modality of the lead stimulus and blink-eliciting stimulus be varied (Graham, 1992) . The present experiment did not include an electrically elicited lead stimulus, although subsequent research could extend the range of lead stimuli to include this condition. Both the modality specific and nonspecific interpretations would predict that the electrically-elicited blink will be facilitated by attentional demands during this lead stimulus. The crucial distinction between the modality specific and nonspecific
The effect of stimulus 18 interpretations, however, is the pattern of results that are observed during modality mismatch conditions because the interpretations result in different predictions. The present experiment used a blink-eliciting stimulus modality that did not match any of the lead stimuli and yielded findings that were consistent with the modality nonspecific blink facilitation observed in previous research with the acoustic blink-eliciting stimulus (Böhmelt et al., 1999; Lipp et al., 1997 Lipp et al., , 1998 . This consistent pattern of results across different combinations of lead stimulus and blink-eliciting stimulus modalities supports the conclusion that attentional blink modulation reflects modality nonspecific processes in the discrimination and counting task. It remains to be seen, however, what pattern of results will be observed when visual and tactile blink-eliciting stimuli are used in the present task domain.
The present experiment varied the difficulty of the discrimination and counting task.
Participants in the High task difficulty condition were required to discriminate 5.5 s long presentations from the usual 5 s usual presentations. Blink magnitude was larger during taskrelevant and task-irrelevant lead stimuli in the High task difficulty condition than in the Standard task difficulty condition only when acoustic lead stimuli were used. Previous researchers who used a reaction time task and only one lead stimulus have reported that blink magnitude is larger when the task demands are increased (Lipp et al., 2000a; Lipp & Hardwick, 2003) . The finding in which task difficulty effects were present for both task-relevant and task-irrelevant lead stimuli suggests that the effects of task difficulty are not specific to lead stimuli that signal a task.
An increase in task difficulty seems to produce a more general effect on blink magnitude modulation. However, an unexpected finding was that the task difficulty effects were not found with visual and tactile lead stimuli. Lipp et al. (2000a) and Lipp & Hardwick (2003) found increased blink magnitude for acoustic and visual lead stimuli as the reaction time task was made
The effect of stimulus 19 more difficult. Either the different task or the different blink-eliciting stimulus used in the present experiment may have contributed to the contradictory findings. Due to the relevance of task difficulty as a factor that may influence long lead interval blink modulation, a second experiment was conducted. In Experiment 2, the discrimination and counting task was employed under the two task difficulty conditions used in Experiment 1. However, the blink reflex was elicited by an acoustic stimulus, as used in the previous studies in which task difficulty effects have been observed (Lipp et al., 2000a; Lipp & Hardwick, 2003) .
EXPERIMENT 2
Method Participants
Sixty-two male and 103 female students from the University of Queensland who did not participate in Experiment 1 provided informed consent prior to taking part in the experiment.
The participants received course credit for their participation or AUS$10.00. The data from 9 male and 9 female participants were excluded due to excessive missing blink reflex data, mainly due to complete habituation of the blink reflex. A further 3 female participants were excluded due to extreme values in the blink reflex data. The final sample had a mean age of 20.2 years (SD = 3.2). Upon arrival at the laboratory, participants were randomly allocated to one of the six groups until each group contained 24 participants with complete data sets. The groups did not differ in sex distribution or age, both ps>.05.
Apparatus and Procedure and Statistical Analysis
The apparatus, procedure, and statistical analysis were similar to that used for Experiment 1. The apparatus differed, however, for the processing of the EMG and skin conductance signal and for the elicitation of the blink reflex. The blink-eliciting stimulus was a 105 dB(A) burst of
The effect of stimulus 20 white noise presented with a duration of 50 ms and an instantaneous rise time. The white noise was generated by a custom-built tone generator and presented via stereophonic headphones (Sennheisser HD25-1). The raw EMG signal was processed using a Grass 7P3C AC preamplifier set with a 0.5 amplitude high-pass cutoff of 10 Hz and a low-pass cutoff of 3000
Hz. The raw EMG was displayed on a Grass 7D polygraph (calibration: 100  V/cm pen deflection) using a paper speed of 2.5 mm/s and digitized and sampled online using a sampling rate of 1000 Hz with an IBM-compatible (486) computer. The sample window began 100 ms prior to the blink-eliciting stimulus onset and ended 400 ms after blink-eliciting stimulus onset.
The skin conductance responses were amplified using a Grass 7P1G preamplifier and displayed However, the effect of stimulus relevance did not interact with the between group variables, all Fs<1.97. Post hoc comparisons were conducted to examine the difference between the lead stimulus modality conditions. Pairwise comparisons show that blink magnitude was larger during acoustic lead stimuli than during visual and tactile lead stimuli, both t(141)>6.29, p<.001.
The visual and tactile lead stimuli did not significantly differ, t<1. 
Discussion
Consistent with the findings of Experiment 1, task performance and subjective ratings confirmed that reducing the duration of longer-than-usual lead stimuli increased the difficulty of the discrimination and counting task. Contrary to expectations, however, task difficulty did not affect acoustic blink magnitude in any lead stimulus modality condition. Replicating previous studies (Lipp et al., 1997 (Lipp et al., , 1998 blink magnitude was larger during acoustic lead stimuli than during visual and tactile lead stimuli. This difference between the lead stimulus modalities
The effect of stimulus 23 reflects the effects of continuous stimulus input on modulating the blink reflex and not the engagement of modality specific attentional processes . The effects of attention on blink magnitude and latency modulation, as indicated by the comparison between task-relevant and task-irrelevant lead stimuli, showed that attention to the lead stimulus facilitated acoustic blink reflexes. In contrast to previous experiments (Lipp et al., 1998) , but replicating the findings of Experiment 1, the increased blink facilitation during task-relevant lead stimuli was also present when the lead stimuli were tactile.
The present results do not support the hypothesis that an increase in the difficulty of a task will produce a facilitation of blink reflexes. This conclusion is in contrast to earlier reports in which acoustic blink reflexes were examined during a reaction time task (Lipp et al., 2000a; Lipp & Hardwick, 2003) . Indeed, visual inspection of Figure 2 suggests that there was a tendency for acoustic blink magnitude to be attenuated, rather than facilitated, by an increase in the difficulty of the task when visual and tactile lead stimuli were used. The size of this effect was not sufficiently great to result in any statistically significant effects for task difficulty. The tendency for an attenuation of blink magnitude is surprising because it is opposite to that reported by Lipp and colleagues who used an acoustic blink eliciting stimulus and a visual lead stimulus in a reaction time task (Lipp et al., 2000a; Lipp & Hardwick, 2003) and opposite to that found in Experiment 1 in which the electrical blink reflex and an acoustic lead stimulus was used in the discrimination and counting task. It is, however, to be expected from a modality specific viewpoint of attentional blink modulation. This viewpoint would suggest that an increase in the difficulty of the task would enhance blink attenuation during a modality mismatch condition. It might be argued from a modality nonspecific interpretation that a further increase in the difficulty of the task is needed to result in a significant attenuation of the acoustic blink reflex
The effect of stimulus 24 during visual lead stimuli. A further experiment was thus conducted to examine this possibility.
Experiment 3 used two groups in which each group was presented with visual lead stimuli. The
Standard task difficulty group replicated that used in Experiment 2, by requiring participants to differentiate 7 s presentations from the usual 5 s presentations. In the Very High task difficulty group, the detection of longer-than-usual presentations was made more difficult to that operationalized in Experiment 2 by using longer-than-usual presentations of 5.2 s.
EXPERIMENT 3
Method Participants
Twenty-seven male and 30 female undergraduate psychology students participated after providing informed consent. The data from six males and three females were excluded due to excessive missing blink reflex data. Participants were allocated randomly to one of two groups upon arrival at the laboratory until each group had 24 participants with complete data sets. The final sample had a mean age of 19.5 years (SD = 4.5) and the groups did not differ in sex distribution or age, all ps>.05.
Apparatus and Procedure
The experiment was conducted in the same room as Experiment 2 and used similar apparatus and procedures. The yellow and green light spot globes used as the lead stimuli were ma t c h e d s o t h a t t h e g l o b e s we r e e q u a l i n i n t e n s i t y ( i l l u mi n a n c e me a s u r e d f r o m t h e p a r t i c i p a n t ' s chair at eye level was 7.6 Lux). The experimental procedure differed from Experiment 2 in that only two groups of participants were used. Each group was presented with the lights as the lead stimuli. In the Standard task difficulty group, the longer than usual lead stimuli were presented for 7 s and the usual duration was 5 s, the same duration used in the Standard condition of
The effect of stimulus 25 Experiment 1 and 2. In the Very High task difficulty group, however, the longer than usual lead stimuli were presented for 5.2 s and the usual duration was 5 s. All other aspects of instructions, stimulus presentation, trial sequences, and counterbalancing were the same as that reported in Experiment 1. Scoring and statistical analyses followed that used in Experiment 1, although the factor Modality was not used in the analyses.
Results
Task performance and subjective ratings confirmed that the task was more difficult in the Very High task difficulty condition than in the Standard task difficulty condition. Twelve participants (50%) in the Standard task difficulty group solved the task correctly, whereas only two participants (8.3%) in the Very High task difficulty group were correct,  2 (1) = 10.14, p<.01.
Error scores were also lower in the Standard task difficulty group ( responses did not differ significantly between groups, t(46)<1. The mean skin conductance response was significantly larger during task-relevant lead stimuli (M = . 2 1 μ S , SD = .19) than during task-irrelevant lead stimuli (M = . 0 8 μ S , SD = .14) in both groups, F(1, 142) = 27.32, MSE = 1.37, p<.001. Task difficulty had no significant effect, all Fs<1.43.
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Insert Figure 3 about here 
Discussion
The present experiment did not support the hypothesis that a further increase in the task demands would lead to a significant attenuation of blink magnitude relative to the standard task difficulty. There was no significant difference in overall blink magnitude between the two task difficulty conditions. The task performance data indicated that only 2 out of the 24 participants in the Very High task difficulty group correctly solved the task and the subjective ratings of task difficulty were high. It would seem that the procedure of discriminating 5.2 s presentations from the usual 5 s presentations has reached the maximum difficulty possible with the discrimination and counting task. A further decrease in the duration of longer than usual stimuli (e.g., 5.1 s)
would be unlikely to yield substantially different findings. Taking the findings of Experiment 2
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and Experiment 3 together, a consistent pattern has emerged in which acoustic blinks reflexes are not modulated by an increase in the difficulty of the discrimination and counting task.
One interpretation for the present failure to find task difficulty effects is that whether s u c h e f f e c t s a r e f o u n d wi l l d e p e n d o n t h e wa y i n wh i c h " t a s k d i f f i c u l t y " i s ma n i p u l a t e d . T h e demands of the task can be increased by making the cognitive aspects of a task more difficult or by increasing the perceptual load. Manipulations of task difficulty may affect only the cognitive demands of the task, only the perceptual load, or both simultaneously. Lavie (2001) argued that task performance may be affected differently depending on whether the cognitive demands or the perceptual load of a task was varied. The present experiment increased the difficulty of detecting a longer than usual presentation, but kept the perceptual features of the lead stimulus constant.
As such, the cognitive demand was increased, but the perceptual load remained constant across task difficulty conditions. Manipulations that increase perceptual load may be those that require more perceptual operations for a stimulus or involve the presentation of more stimuli. It may be that increases in perceptual load may be more likely to modulate blink reflexes. Future research may benefit from investigating whether an increase in perceptual load will modulate the blink reflex during the discrimination and counting task.
General Discussion
The present study investigated the effects of stimulus modality and task difficulty on attentional blink modulation. A consistent pattern emerged for the effects of attention on blink modulation. Blink latency was shorter and blink magnitude was larger during task-relevant lead stimuli than during task-irrelevant lead stimuli across a wide range of lead stimulus modality and blink-eliciting stimulus modality conditions. This included conditions in which the modalities matched and the modalities mismatched. Task difficulty produced a small and inconsistent
The effect of stimulus 28 effect on blink modulation. The magnitude of the electrically elicited blink reflex was larger when the difficulty of the task was increased for acoustic lead stimuli. Task difficulty did not influence blink modulation during visual or tactile lead stimuli when blinks were elicited by electrical stimulation of the trigeminal nerve or by an acoustic stimulus.
In the present experiment, attentional demands were manipulated by requiring participants to attend to one stimulus and to ignore another. Across all experiments, with various combinations of lead stimulus and blink-eliciting stimulus modalities, a consistent pattern emerged in which the blink reflex was facilitated by attention to the lead stimulus. In addition, attentional blink facilitation was consistently observed under a wide range of task difficulty levels. These findings extend those reported in previous studies that used the discrimination and counting task and a blink-eliciting stimulus from the acoustic modality (Böhmelt et al., 1999; Lipp et al., 1997 Lipp et al., , 1998 . The findings provide a strong argument that attentional modulation of the blink reflex during the discrimination and counting task reflects modality nonspecific processes and is consistent with recent reports of modality nonspecific effects from other experimental paradigms (Bohlin, Graham, Silverstein, & Hackley, 1981; Lipp et al., 2000a Lipp et al., , 2000b . These findings are in contrast to the reports of modality specific effects (e.g., Anthony & Graham, 1985; Neumann, 2002; Putnam, 1990; Silverstein et al., 1981; Simons & Zelson, 1985) . The development of a model of the cognitive neurobiological processes that underlie attentional modulation of the blink reflex will be assisted by studies that can determine the conditions under which modality specific and nonspecific effects are found.
A novel finding in the present experiment was that attentional blink modulation was observed when tactile lead stimuli were used. Lipp et al. (1998) reported that acoustic blink magnitude and latency did not differ between task-relevant and task-irrelevant tactile lead
The effect of stimulus 29 stimuli. In contrast, Experiment 1 and 2 showed that the electrical and acoustic blink reflex is larger in magnitude and shorter in latency during task-relevant tactile lead stimuli. We have previously suggested that the failure to find attentional blink modulation during tactile lead stimuli was due to the nature of the stimulus that has been used . The tactile stimulus has been operationalized as a discontinuous vibration pulsed at a frequency of 50 Hz.
The discontinuous nature of the lead stimulus may result in both short lead interval inhibition and long lead interval facilitation when employed in the discrimination and counting task.
Consistent with this interpretation, no attentional blink modulation has been found when the vibration has been sustained throughout the lead interval. In contrast, attentional blink modulation has been observed when the vibration was a discrete presentation .
In this study, we used the same sustained discontinuous tactile lead stimulus as used in previous research (Lipp et al., 1998 . The present findings suggest that attentional blink modulation can be observed during sustained discontinuous vibration stimuli. The previous failures to find this effect suggest that such an observation may be difficult to reliably obtain. Attentional blink modulation during tactile lead stimuli may be more consistently observed if a continuous stimulus, such as a stream of air to the skin, is employed . Lipp et al. (1998) reported that blink magnitude was larger during acoustic lead stimuli than during visual and tactile lead stimuli when an acoustic blink-eliciting stimulus was used.
The findings of Experiment 2 replicated this effect. Lipp et al. (2000a suggested that the increased acoustic blink magnitude during acoustic lead stimuli reflects a process that results from the matching of the modality of the lead stimulus and the blink-eliciting stimulus, but is independent of selective attention to the lead stimulus. The present results in which the increased facilitation during acoustic lead stimuli was observed during task-irrelevant lead
The effect of stimulus 30 stimuli is consistent with this interpretation. As suggested by , blink magnitude may be larger during a modality match condition because of a greater overlap in the subcortical neural circuitry that is involved in the sensory processing of the lead stimuli and the blinkeliciting stimulus. The greater overlap will cause a larger priming of the startle reflex circuit and result in larger blink magnitude. Another explanation could be that the increased blink magnitude during acoustic lead stimuli is due to a unique feature in processing of acoustic stimuli that is not shared in the processing of visual or tactile stimuli. The findings of Experiment 1 in which blink magnitude facilitation during acoustic lead stimuli was markedly smaller than in Experiment 2 and the observation that no blink magnitude facilitation was found during acoustic task-irrelevant lead stimuli in the Standard task difficulty condition in Experiment 1 seems to argue against this interpretation.
Stimulus modality, task difficulty, and attentional demands all influenced blink magnitude modulation, whereas only the attentional demands influenced blink latency modulation. It appears that stimulus modality differentially influences the onset of the reflex and the size of the elicited reflex. The failure of stimulus modality to modulate blink latency also i mp l i e s t h a t b l i n k r e f l e x l a t e n c y ma y p r o v i d e a " p u r e " me a s u r e o f a t t e n t i o n a l d e ma n d s i n situations that may use stimuli from different stimulus modalities or in different levels of task difficulty. If blink reflex latency is sensitive only to the attentional demands of a task, this measure may prove useful for researchers who wish to avoid possible contaminating influences of the lead stimulus characteristics when measuring the blink reflex. Task-relevant Task-irrelevant 
